Aim To radiographically compare periapical repair of roots with infected root canals obturated in one-step or with calcium hydroxide (Ca(OH) 2 ) intracanal medication in two steps.
Introduction
Apical periodontitis is caused, primarily, by bacteria in the root canal space (Kakehashi et al. 1965 , Sundqvist 1976 , Bergenholtz 1974 , Fabricius et al. 1982 . Continuous stimuli from an infected root canal cause a pathologic immune response that ultimately leads to the development of a periapical lesion (Langeland et al. 1977 , Stern et al. 1981 . Clinically, the presence of an inflammatory response can usually be detected by the radiographic widening of the periodontal ligament space due to the destruction of the apical soft tissue and bone by the inflammatory process (Brynolf 1967) .
Radiographs, despite their limitations, provide the primary means of post-treatment evaluation of endodontic treatment and are used in most prognosis studies. Recent studies using the current standard for root canal disinfection have shown that if bacteria are removed to levels that are undetectable by bacteriological methods in use today, an extremely high success rate in the resolution of apical periodontitis can be expected (Bystro Èm et al. 1987 , Sjo Ègren et al. 1997 .
The scientifically documented procedure for the best results in canal disinfection of teeth with apical periodontitis is based on complete debridement and irrigation of the root canal during the first appointment (Bystro Èm & Sundqvist 1981 , 1983 , followed by the application of a Ca(OH) 2 dressing (Bystro Èm et al. 1985) . Obturation of the root canal is then performed at the second or a later appointment (Sjo Ègren et al. 1991) .
One issue frequently debated in recent years is whether conscientious cleaning by instrumentation and irrigation reduces the number of bacteria to a point where the obturation of the infected canal at the same visit will ensure successful treatment. Many practitioners claim high success rates with this technique based on patient acceptance, lack of significant flare-ups, and practice management considerations. Since current research findings indicate that one-step treatment of teeth with apical periodontitis is obturation of an infected canal in a relatively high percentage of cases, proponents of this technique rely on the lack of nutrition and space for bacterial multiplication to overcome the bacterial infection (Soltanoff 1978 , Oliet 1983 .
The purpose of the present study was: (i) to determine radiographically, the role of obturation alone in the healing of teeth with apical periodontitis, and (ii) to compare radiographic periapical healing of teeth with infected canals obturated with or without prior Ca(OH) 2 disinfection.
Materials and methods
Seventy-two vital roots of 24 premolars and 24 incisors in three adult dogs were used. The dogs were anaesthetized throughout all experimental procedures. The induction of anaesthesia was achieved by IV administration of 20 mg kg À1 -bodyweight of Thiopental, followed by 1±2% halothane for maintenance of anaesthesia. In order to take standardized radiographs throughout the experiment, pretreatment bite blocks were fabricated using Stat-BR TM bite registration material (Kerr Corporation, Romulus, MI, USA). All procedures were performed aseptically with sterile instruments under rubber dam which was continually surface disinfected with 0.12% chlorhexidine. Each dog was treated with all four treatment methods. After coronal pulp exposure, all roots were instrumented to ISO size 45. Twelve randomly assigned roots were not infected to serve as negative controls. The remaining 60 roots were infected with dental plaque and restored coronally with IRM (Caulk Co., Dentsply, Milford, DE, USA.). Six weeks later apical periodontitis was confirmed radiographically in the infected teeth (Fig. 1a) . Anaerobic cultures were obtained and confirmed bacterial infection in teeth with apical periodontitis. The teeth were then randomly assigned to four groups as follows: group 1, one-step (n = 24); each root was irrigated with 10 mL saline, dried with paper points, and obturated with gutta-percha and Roth 811 sealer (Roth International Ltd., Chicago, IL, USA) with the cold lateral condensation technique, and coronally sealed with IRM. Group 2, Ca(OH) 2 (n = 24); teeth were treated as in group 1, except that after saline irrigation, Ca(OH) 2 dressing was placed in the canals using a lentulo spiral filler and the teeth were coronally sealed with IRM for 1 week. After 1 week, the teeth were obturated as in group 1. Group 3, positive control (n = 12); each root was irrigated with 10 mL of saline, the canals were not obturated but left empty, and the access cavities were sealed with IRM. Group 4, negative control (n = 12); irrigated with 10 mL sterile saline, obturated as in the other groups and coronally sealed with IRM. At the time of obturation of group 2, temporary restorations from all teeth in all groups were replaced with permanent amalgam restorations. The dogs were fed a soft diet for 3±5 days immediately after the dental procedures.
At the end of the observation period (6 months), standardized radiographs were again taken. Three independent evaluators, blinded to the treatment groups, compared the preoperative and postoperative radiographs. They rated the roots, in cases where radiolucencies were discernible before treatment, according to the following predetermined criteria:
. Healed = Normal pattern of trabecular bone and normal width of PDL space (Fig. 1b ) . Improved = Reduction in lesion size (Fig. 1b) . Failed = Increase or no change in the lesion size (Fig. 2a,b ) . X = Unreadable radiograph because of technical errors such as cone cut A final rating was decided upon, based on agreement on at least two ratings out of three, and was called the`f inal rating'. The final ratings were used for statistical analysis.
Statistical analysis
To assess rater agreement, the Kappa statistic was used. This statistic was first computed between each pair of observers and then averaged to get an overall level of agreement amongst the raters.
A chi-squared test was used to see if there was an overall difference between the groups. The treatment groups were then compared pair-wise. The level of significance was set at P < 0.05. Power analysis calculations were performed to determine the sample size at which statistically significant differences would be demonstrated.
Results
Nine roots were rated X (unreadable) and six roots did not develop radiolucencies and were excluded from the study. Of 57 roots, 17 were in group 1 (one-step), 19 in group 2 (Ca(OH) 2 ), 10 in the positive control, and 11 in the negative control groups. The Kappa statistics showed good agreements between the three evaluators with kappa = 0.60 for overall agreement value. This value reports the agreement prior to the final rating determination.
To compare the treatments for differences in proportion healed (H), improved (I), or failed (F), the negative controls were excluded, because they did not theoretically have a chance to heal (Fig. 3a,b) . The chi-squared test was conducted on 46 remaining roots. The overall results for the three treatment groups are summarized in Table 1 . There was a significant overall difference amongst the groups (chi-square of 11.847, d.f. = 2, P = 0.01). Pair wise comparison showed that the positive control group was significantly different from one-step and Ca(OH) 2 group, but the one-step and Ca(OH) 2 groups were not significantly different from each other.
The bar graph in Figure 4 illustrates the distribution of the positive control group, group 1 (one-step), and group 2 (Ca(OH) 2 ) within the radiographic rating categories. None of the radiographs in the positive control group were rated`healed', whilst almost equal numbers of radiographs in groups 1 and 2 were rated healed' (35.3% and 36.8%, respectively). The positive control group showed the most`failed' rating (90%) whilst the Ca(OH) 2 group showed the least (15.8%). The one-step group received 41.2%`failed' rating. A total of 47.4% of radiographs in the Ca(OH) 2 group were rated as`improved' compared to 23.5% in the one-step group. The P-values for these pair-wise comparisons are shown in Table 2 . A power analysis calculation was performed to compare the one-step and Ca(OH) 2 groups in the failed cases versus improved and healed cases (combined). These calculations demonstrated that if the same trend in the results continued, a sample size of at least 43 in each group would demonstrate statistical differences between the one-step and Ca(OH) 2 groups, at 0.05 level of significance.
Discussion
Using the present model, infecting the root canal space resulted in development of apical radiolucencies in most cases. These results show the effectiveness of the model and confirm the role of canal infection in the Our inclusion criteria were such that only the radiographs that had a chance for healing, improving, or failing could be included in the analysis. Therefore, the negative control group that was not initially infected and the radiographs with a preop and postop rating of`no lesion' had to be excluded. Once these exclusions were done, 46 roots were left to be analysed.
In a few cases, lesions were not radiographically discernible and the teeth could not be used for the study. This finding is not surprising considering the limitations of currently used radiographic techniques. In fact, the teeth described in this study were also evaluated histologically (Katebzadeh et al., in press ) and periapical inflammation was histologically present in these cases as well.
To evaluate the role of obturation alone in periapical repair, it was necessary to obturate canals known to be infected to simulate the approximately 40±60% of all necrotic cases that are still infected when they are obturated after a one-step procedure (Bystro Èm & Sundqvist 1983 ). To eliminate the instrumentation step as a variable, the canals were instrumented prior to infection. Bacteria were then introduced into the canals that were already enlarged and therefore, instrumentation could not play a role in the eventual periapical healing.
The highest failed ratings (90%) were recorded in the positive control group where the infected canals were not obturated. This finding clearly demonstrates that obturation is an important step in endodontic treatment. Interestingly, 10% of the radiographs in the negative control group (noninfected canals that were aseptically obturated) received the`improved' rating. This observation may be due to`temporary failures' which develop as a result of mechanical irritation of the periapical tissues. Instrumentation and obturation may both be involved in irritation and temporary disruption of the supporting periodontium. In addition, the disruption of the periodontium may be due to coronal leakage and contamination of the root canal system (Ray & Trope 1995 , Madison & Anderson 1992 .
In the one-step group, 35.3% of the cases showed complete radiographic healing. These results confirm that obturation alone is an important factor in successful endodontic therapy. By occupying space and reducing the substrate for bacterial proliferation, obturation plays a key role in healing of apical periodontitis. On the other hand, the 41.2% failures in the one-step group demonstrate that the mechanical barriers alone (obturation material) are not sufficient to obtain predictably successful results.
The lowest failed ratings (15.8%) were recorded in the Ca(OH) 2 group where 1 week of Ca(OH) 2 dressing was placed in the canal prior to obturation. A large number of cases in the Ca(OH) 2 group were in the improved category (47.4%) and not in the`extreme' categories of healed or failed. Because of this fact, it was not possible to get statistical differences between the one-step and the Ca(OH) 2 groups. It appears that the six-month follow up was not sufficient for radiographic assessment, and if we had waited for a longer period, probably more cases would have entered thè extreme' categories.
It was felt that lack of statistical significance could also be due to the small sample size. When one-step and Ca(OH) 2 groups are compared in the failed versus improved and healed cases (combined) the difference is large, but not statistically significant. A power analysis calculation demonstrated that if the same trend in the results continued, a sample size of at least 43 would be required to demonstrate a statistically significant difference between the one-step and Ca(OH) 2 groups (P < 0.05).
The high clinical success rate that is expected from one-stepping is probably due to the fact that clinical evaluations are symptomatic and radiographic. The inflammation seen histologically cannot be considered in most prognosis studies (Strindberg 1956 , Sjo Ègren et al. 1990 ). Brynolf (1967) found only 7% histologic success in root canal treated teeth. She suggested that in order to correlate histologic and radiographic material properly, the histologic and radiographic appearance of the apical areas must be examined independently. In fact, as expected, we found a much lower success rate for the teeth when evaluated histologically (Katebzadeh et al. 1999) . Overall, the best results were obtained when the infected canals were disinfected with Ca(OH) 2 before obturation and this treatment form should be performed as a routine in cases with apical periodontitis. Our results agree with other recent controlled studies that confirm the clinical benefits of reducing the number of bacteria in the root canal before obturation (Bystro Èm et al. 1985 , Sjo Ègren et al. 1997 . Trope et al. (1999) , showed superior clinical results for Ca(OH) 2 disinfection compared to one-step treatment of teeth with apical periodontitis, in a prospective radiographic study on humans.
Improvement of radiographic techniques is necessary for obtaining accurate information from our radiographic assessments. Ideally, radiographs should provide information that truly represents the histologic condition of a given area. New imaging modalities, such as Tuned-Aperture Computed Tomography (TACT) that view the object in`slices', somewhat similar to histologic sections, may overcome some of the current limitations of radiographic assessments (Webber et al. 1997) . Digital subtraction may also allow detection of small osseous changes that are not detectable by conventional radiographic techniques (Tyndall et al. 1990 ).
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